Objectives: To identify cases of hepatitis B infection after vaccination in Kimberley residents and determine maternal serostatus as a potential indicator of mode of transmission.
H
epatitis B virus (HBV) infection constitutes a considerable international health problem. 1 In Australia, an estimated 218 000 people are living with chronic HBV infection. 2 Aboriginal and Torres Strait Islander people comprise about 2.5% of the Australian population but account for an estimated 9.3% of cases of chronic HBV infection. 2 The probability of chronic HBV infection is inversely proportional to the age at acquisition (up to 90% in infancy), with infants of mothers with chronic infection at risk of vertical transmission. 1 Longitudinal studies have demonstrated that the introduction of the HBV vaccine has dramatically reduced HBV prevalence in endemic areas. [3] [4] [5] Northern Territory data suggest a similar reduction in Australia. 6 However, infections after full vaccination (considered to be a vaccine failure) have been well documented, largely in high prevalence countries with increased statistical likelihood of breakthrough infections, and predominantly where the mother had known chronic infection with high infectivity. Most cases were thought to have occurred through vertical transmission at delivery. 4, 5, 7 In an Australian study of children born to mothers with chronic infection, perinatal transmission occurred in 3% and was limited to children of mothers with high viral load or hepatitis B e antigen positivity (a serological marker of high infectivity). 8 The Kimberley is a region of north Western Australia with a relatively small population (29 296 at the time of the 2006 census) and a high proportion of Aboriginal residents (42%). 9 The background prevalence of chronic HBV infection in 1986 was 8%, 10 meeting the World Health Organization criteria for high endemnicity. 1 Routine vaccination against HBV was introduced in the Kimberley in 1988. We would therefore expect most of the population born in the Kimberley on or after 1 January 1989 to be fully vaccinated and the epidemiological pattern to transition to that seen in lower endemnicity areas, with the majority of cases occurring in high-risk adults.
Concerns have been raised about the effectiveness of the HBV vaccine within Aboriginal and Torres Strait Islander communities. [11] [12] [13] The WA Country Health Service (WACHS) Kimberley Population Health Unit was notifi ed of several cases where HBV infection followed full vaccination. We aimed to document all such cases in the region from 1984 to 2011 and sought details on maternal serology for further information about likely modes of transmission.
Methods

Case defi nition
Cases were defi ned as Kimberley residents with a notification of HBV infection to the WA Notifi able Infectious Diseases Database from 1 January 1984 to 31 March 2011 and a history of full primary vaccination as per the then recommended schedule (at birth, 1 month and 3 months), 14 including those fully vaccinated before the regional vaccination program. The search was restricted to residents born on or after 1970 who were targeted by the school program or vaccinated from birth. Children with delayed (fi rst dose given after the fi rst week of life) or incomplete (less than three doses) vaccination were excluded. Maternal serology was sought, and where maternal HBV chronic infection was identifi ed, records of hepatitis B immunoglobulin (HBIG) administration were checked to determine if missed HBIG doses could have contributed to vaccine failure.
Where follow-up testing was available, patients were considered to have chronic HBV infection if HBV surface antigen (HBsAg) or HBV DNA remained detectable in the blood after 6 months or if HBsAg was detected in a patient shown to be immunoglobulin M anti-hepatitis B core antigen negative as per the Australian Government Department of Health criteria. 15 
Data extraction
Information on notifi ed cases of HBV infection from the Kimberley region was extracted from the WA Notifi 
Results
After identifying 417 Kimberley residents with notifi cations of HBV infection, 400 were excluded for not meeting the case defi nition (Box 1). All 17 remaining patients were of Aboriginal descent. Of these, 10 patients had evidence of chronic infection, fi ve had unknown status and two had cleared the virus (Box 2). In seven patients, vertical transmission was unlikely because maternal hepatitis serology results were negative after the delivery or indicated antenatal immunity (cases 9, 11, 14, 16 and 17), or there was evidence of subsequent acquisition (cases 12 and 8). In six patients, vertical transmission was possible because of known maternal chronic infection at delivery (cases 1, 7, 13 and 15) or after delivery (cases 6 and 10). For four individuals, there was insuffi cient information available to determine the risk of vertical transmission (cases 2, 3, 4 and 5).
In three of the four patients for whom maternal chronic infection had been identifi ed (cases 1, 7 and 15), HBIG was documented as given according to protocol. Local notes did not document the administration of HBIG for the fourth patient (case 13); however, the child was born at the tertiary obstetric referral hospital and therefore would likely have received immunoglobulin.
Discussion
Our study described 17 cases of Aboriginal Kimberley residents with HBV infection after full vaccination and a high rate of chronic infection. For 13 patients, the mother was not known to have chronic HBV infection during pregnancy. In seven of these patients, correlation with maternal serology suggests that transmission in early childhood was likely. This emphasises the importance of prevention of transmission from household contacts through early diagnosis of positive cases and the need for advice on prevention (eg, avoiding shared use of razors and toothbrushes, and coverage of skin sores).
It is noteworthy that with the exception of two people diagnosed as part of contact tracing, all patients were diagnosed at 13 years of age or older (presumably with the commencement of sexual activity and screening for sexually transmissible infection). This refl ects the previous lack of a formalised follow-up process for high-risk children, which may have allowed transmission to household members and early sexual partners.
Our study had some notable limitations. As HBV testing rates are unknown, it is impossible to estimate the rate of vaccine failure per population of vaccinated individuals, limiting comparisons to other populations. The nature of the notifi cation system also means that individuals vaccinated in the Kimberley region who relocate and are subsequently diagnosed with HBV infection would not be identifi ed. Some paper records were archived offsite or otherwise unavailable.
A large study from the NT has demonstrated a reduction over time in HBV prevalence in birthing mothers who should have received newborn vaccination according to their date of birth; however, the prevalence was higher in mothers from very remote (3.1%) compared with remote (1.3%) and outer regional (0.6%) areas. 6 This highlights the importance of monitoring vaccine uptake and effectiveness.
In Australia, concerns have been expressed regarding the relative effectiveness of the HBV vaccine in Aboriginal cohorts, particularly in remote areas. An NT study found four of 37 vaccinated adolescents had chronic HBV infection after full vaccination. 13 In a North Queensland study of 239 fully vaccinated children, 15 had evidence of natural infection, four had chronic disease and 113 lacked evidence of serological immunity. 12 Those lacking evidence of immunity were given a booster vaccine and followed up for seroconversion; of these, 18 (16%) lacked an anamnestic response, which has been used as a surrogate measure of protection from vaccination.
Contributing factors to vaccine failure may include patient factors such as poor nutrition or medical comorbidity impacting on immune response to vaccination, or vaccine factors such as cold chain breaches. Signifi cant cold chain breaches have been demonstrated in remote Australian areas, 16 although the extent of this in the Kimberley over the study period is not known. Genetic factors may also be relevant, as genotyping of HBV samples from the NT has demonstrated an un usual HBV subgenotype found only in Aboriginal and Torres Strait Islander people and it has been postulated that viral serotype may infl uence response to vaccination. 17, 18 Our results demonstrate the need for ongoing surveillance of HBV vaccine effectiveness in this population, follow-up of high-risk children and best-practice antenatal care. This is a relatively small case series from a small population, but is likely an underestimation, as not all vaccinated individuals will have had subsequent HBV testing and some patients may have been tested and notifi ed outside of the Kimberley region.
Following this audit, existing local protocols and strategies have been reviewed and additional local guidelines developed in collaboration between regional Aboriginal commun ity controlled services and state government health services. 19 There are ongoing and future plans for retrospective audit and followup of high-risk children, prospective correlation of all new notifi cations of hepatitis B with vaccination history, and audit of practitioner testing behaviour to evaluate the implementation of the new regional HBV protocols.
